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METHOD AND APPARATUS FOR 3D ULTRASOUND IMAGING
USING A STATIONARY BEAM TO ESTIMATE A PARAMETER

The present embodiments relate generally to medical ultrasound systems and more
particularly, to a method and apparatus for 3D ultrasound imaging, for example, ultrasonic
3D fetal heart imaging.

In known methods for fetal heart imaging, an electrocardiogram (ECG) is not
available. As a result, an ultrasound system uses spatial-temporal image correlation (STIC)
to derive the cardiac phase from a spectral analysis of two-dimensional (2D) images while
an imaging plane is being swept across an imaging volume. Using the cardiac phase
derived from STIC, the ultrasound system rearranges the 2D images for three-dimensional
(3D) processing. However, the accuracy of the STIC analysis varies from one imaging
plane to another, especially if the heart rate does not remain steady.

With prior known methods, Fetal STIC imaging includes constructing 3D views of
the fetal heart from images acquired over many heart beats. In addition, the current data
processing techniques for Fetal STIC imaging require that the heart rate remain steady.
However, odd beats or heart rate changes can degrade the 3D views by causing information
from different cardiac phases to be intermingled in views that should represent single
cardiac phases.

Accordingly, an improved method and ultrasound system for overcoming the
problems in the art is desired.

According to an embodiment of the present disclosure, a method of three-
dimensional (3D) ultrasound imaging comprises acquiring ultrasound data representative
of an imaging volume as a function of time, from which can be obtained a plurality of two-
dimensional images, and acquiring data from a stationary ultrasound beam concurrently
with the acquiring of the ultrasound data representative of the imaging volume. The
stationary ultrasound beam data is analyzed to derive a parameter from the stationary
ultrasound beam data. The method further includes rearranging a plurality of 2D ultrasound
images obtained from the acquired ultrasound data for 3D processing as a function of the
derived parameter. In one embodiment, acquiring data from the stationary ultrasound beam
comprises one or more of an M-mode acquisition, a Doppler mode acquisition, or an

acquisition tailored to a specific ultrasound imaging application. The method can also be
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implemented by an ultrasound imaging system, as well as in the form of a computer
program product.

Figure 1 is a partial block diagram view of an ultrasound system according to an
embodiment of the present disclosure;

Figure 2 is a simplified schematic diagram view illustrating 3D ultrasound imaging
of a target volume with use of the ultrasound imaging system and method according to an
embodiment of the present disclosure; and

Figure 3 is a flow diagram view illustrating a method of 3D ultrasound imaging
according to another embodiment of the present disclosure.

In the figures, like reference numerals refer to like elements. In addition, it is to be
noted that the figures may not be drawn to scale.

As discussed herein above, prior known methods of Fetal STIC imaging have
involved constructing 3D views of the fetal heart from images acquired over many heart
beats. In addition, the data processing techniques for the prior Fetal STIC imaging methods
required that the heart rate remain steady, however, odd beats or heart rate changes degrade
the 3D views by causing information from different cardiac phases to be intermingled in
views that should represent single cardiac phases. In contrast, according to one
embodiment of 3D ultrasound imaging of the present disclosure, the method includes (i)
monitoring the heart to determine the actual cardiac phase of each 2D image and (ii) using
the determined cardiac phase information to avoid mixing different phases within a single
3D view. Monitoring of the heart is accomplished by using ultrasound, and more
particularly, using a stationary ultrasound beam and wherein the transducer remains
stationary. Accordingly, Doppler mode or M-mode acquisition can be used to monitor a
chosen anatomical location on a fine time scale.

It is further noted that use of Doppler mode or M-mode acquisition is not possible
with prior Fetal STIC imaging methods which use mechanical transducer motion to acquire
the 3D volume for Fetal STIC. In other words, moving the transducer makes it impossible
to hold a Doppler or M-mode line on the chosen anatomical location. The methods
according to the embodiments of the present disclosure include a realization that new
transducers that scan 3D volumes without mechanical motion (for example, 2D array or
matrix transducers) allow for overcoming this limitation. That is, a transducer that scans

3D volumes without mechanical motion can be configured to transmit lines throughout a
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3D volume. In addition, the transducer capable of 3D scanning without mechanical
movement, hereinafter referred to as a transducer with 3D electronic steering, can further
be configured to interleave a stationary monitor pulse with pulses used to acquire a 3D
volume, for example, in connection with fetal STIC.

In order to scan a 3D volume using a transducer that cannot electronically steer
throughout the volume, hereinafter referred to as a transducer without 3D electronic
steering, the transducer must be mechanically moved. For example, a 3D volume can be
scanned using a 1D phased array transducer by moving the transducer so that its 2D scan
plane moves across the volume being scanned. As indicated herein above, moving the
transducer without 3D electronic steering in this way makes it impossible to maintain a
stationary monitor beam. The situation is much the same with so-called 1.5D transducers,
which have some ability to control elevation focusing or elevation steering or both. In
contrast, a transducer with 3D electronic steering remains stationary and uses electronic
steering to sweep through a 3D volume, whereas a transducer without 3D electronic
steering must move to sweep through the 3D volume.

A review of 2D ultrasound imaging, M-mode, and Doppler data acquisition is
provided below. It is noted that the numbers included herein represent but a single example
of how this may be done, and other numbers may be used. For simple 2D ultrasound
imaging, image data can be acquired from 50 transmit lines spanning a 90 degree wedge.
The frame rate can be 50 Hz, or 20 ms per frame. Time between adjacent lines is 0.4 ms. In
addition, time between repeated views of the same line is the frame time, 20 ms.

With respect to M-mode acquisition, M-mode is used to see motion on finer time
scales. For example, a system operator selects one line from a 2D frame. The selected line
is thereafter acquired 5 times evenly spaced (in time) among the 50 lines of the 2D frame.
The scanner will acquire ten 2D lines and then re-acquire the M-mode line, so that the M-
mode view is updated every 4 ms. Accordingly, the M-mode acquisition enables seeing
motion on smaller time scales than with 2D imaging alone, in which the image updates
only once every 20 ms. An M-mode trace is composed by displaying the acquired M-mode
lines side-by-side. The M-mode trace includes a scrolling trace, similar to a strip-chart
recorder. In addition, with respect to the M-mode trace, the vertical axis represents depth

and the horizontal axis represents time.
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Duplex Doppler uses a similar acquisition strategy to that of M-mode acquisition;
however, a duplex Doppler line would typically be acquired after every 2D image line. In
addition, for Doppler acquisition, the acquired data is used to determine blood flow rather
than being used to form a spatial image. The vertical axis of a Doppler acquisition trace
represents velocity (of the moving blood) and the horizontal axis represents time. In
addition, it is noted that a cardiac cycle is evident in both M-mode and Doppler traces.

Furthermore, while using duplex Doppler drops the 2D frame rate by about half, it
would almost certainly be unacceptable for use with known fetal STIC imaging methods.
However, with the method of 3D imaging according to the embodiments of the present
disclosure, duplex Doppler provides for a fetal STIC improvement, by employing
acquisition timing similar to M-mode.

According to one embodiment of the present disclosure, a method of 3D ultrasound
imaging includes using a transducer with 3D electronic steering (for example, a 2D array
transducer) without additional steering via mechanical movement, wherein derivation of
cardiac phase is improved by analyzing a stationary ultrasound beam instead of a collection
of imaging planes (comprising a 3D volume). The same stationary ultrasound beam can be
used for all image planes, for example, during a particular fetal heart imaging procedure, so
that consistent results are obtained for all imaging planes. In other words, the embodiments
of the present disclosure correctly determine the cardiac phase of each image even if the
heart rate changes during the cardiac acquisition. According to one embodiment, the
stationary beam can include an M-mode acquisition, a Doppler acquisition, or an
acquisition tailored specifically to fit the ultrasound imaging requirements of a particular
imaging procedure. The monitor beam may be acquired less often than is typical for either
M-mode or Doppler, perhaps only once per 2D image frame, and perhaps even less often.

According to one embodiment of the present disclosure, an ultrasound system
comprises a transducer with 3D electronic steering configured to interleave a sweep of 2D
data acquisitions with a stationary acquisition, wherein the stationary acquisition comprises
an M-mode acquisition or a Doppler acquisition. As noted herein, transducers that are
mechanically swept to perform 3D acquisitions, either by motorization or by other
manipulation, are not able to interleave a sweep of 2D data acquisitions with a stationary

acquisition.
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The embodiments of the present disclosure can be implemented by deriving the
cardiac phase from a STIC analysis of the M-mode and/or Doppler data streams obtained
with the use of the stationary ultrasound beam. Alternatively, the STIC algorithms may be
modified for better performance with M-mode and/or Doppler data streams. Furthermore,
an additional new approach to the analysis can be implemented for better performance with
M-mode and/or Doppler data streams. Moreover, a novel form of acquisition tailored
specifically to fit the 3D ultrasound imaging application may be used either in place of or
in addition to M-mode and/or Doppler data streams. Furthermore, as discussed herein, the
embodiments of the present disclosure can be implemented in ultrasound systems that
support both 3D fetal heart imaging and matrix (2D array) ultrasound transducers.

According to another embodiment, a method of three-dimensional (3D) ultrasound
imaging comprises acquiring ultrasound data representative of an imaging volume as a
function of time, from which can be obtained a plurality of two dimensional (2D)
ultrasound images. The method further comprises acquiring data from a stationary
ultrasound beam concurrently with the acquiring of the ultrasound data representative of
the imaging volume. The stationary ultrasound beam data is analyzed to derive a parameter
from the stationary ultrasound beam data. In addition, the acquired ultrasound data is
rearranged for 3D processing as a function of the derived parameter. From the rearranged
ultrasound data one or more 2D images ordered according to the derived parameter may be
obtained. Likewise, from the rearranged ultrasound data one or more 3D surface rendered
images ordered according to the derived parameter may be obtained. Acquiring of the
ultrasound data can further comprise one or more of (i) a consecutive acquisition order
across the imaging volume, (ii) a non-consecutive acquisition order across the imaging
volume, or (iii) a prescribed acquisition order across the imaging volume. The prescribed
acquisition order can include any arbitrary order selected according to the requirements of
a particular acquisition.

Referring now to the drawings, Figure 1 is a block diagram view of a three-
dimensional (3D) ultrasound imaging system 10 according to an embodiment of the present
disclosure. The 3D ultrasound imaging system 10 includes a control or base unit 12
configured for use with an ultrasound transducer probe 14, further for carrying out the
ultrasound imaging methods as discussed herein according to the embodiments of the

present disclosure. The probe 14 contains an ultrasound transducer 16. In one embodiment,
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the control unit 12 is configured for (i) controlling the ultrasound transducer 16 and (ii)
performing 3D ultrasound imaging according to the 3D ultrasound imaging methods of the
present disclosure.

In one embodiment, ultrasound transducer 16 comprises a matrix transducer, also
referred to as a two-dimensional array transducer. Furthermore, base unit 12 includes
suitable control electronics for performing 3D ultrasound imaging as discussed herein. For
example, in one embodiment, base unit 12 can comprise a computer as discussed further
herein. Ultrasound transducer probe 14 couples to base unit 12 via a suitable connection,
for example, an electronic cable, a wireless connection, or other suitable means.

Figure 2 is a simplified schematic diagram view illustrating 3D ultrasound imaging
of a target volume with use of the ultrasound imaging system 10 according to an
embodiment of the present disclosure. In particular, ultrasound transducer 16 produces a
sweep 20 of ultrasound beams of a 2D imaging plane directed into an imaging volume (not
shown) in response to an activation signal from base unit 12. For example, the sweep 20
can comprise a sweep from an initial 2D imaging plane 22 to a final 2D imaging plane 24.
The ultrasound energy can be adjusted as needed, for example by a repositioning of the
ultrasound transducer 16 (via repositioning of probe 14) with respect to the target location
or imaging volume and/or through appropriate activation signals from base unit 12,
according to the requirements of a particular 3D ultrasound imaging application. In
addition, the imaging volume is disposed in a region of interest within a subject to be
imaged according to the methods of the present disclosure.

According to one embodiment of the present disclosure, the method of three-
dimensional (3D) ultrasound imaging comprises acquiring a plurality of two-dimensional
(2D) ultrasound images 28 as a 2D imaging plane is swept across an imaging volume. For
example, the 2D ultrasound images 28 include images from an initial image 30 to a final
image 32, corresponding to the sweep 20 from the initial 2D imaging plane 22 to the final
imaging plane 24. Concurrently with the acquiring of the plurality of 2D ultrasound
images, data from a stationary ultrasound beam 26 is acquired. The stationary ultrasound
beam data is analyzed to derive a parameter 34 from the stationary ultrasound beam data.
Furthermore, the 2D ultrasound images are rearranged into new groups of images, as
indicated by reference numeral 36 in Figure 2, for 3D processing as a function of the

derived parameter. Within the new groups there are a number of images. As shown in
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Figure 2, for illustration only, the new groups include eleven 2D images. The base unit 12
of 3D ultrasound system is configured for arranging the images spatially within the new
groups because the images have all occurred at different positions in space with known
positional co-ordinates. In the example of Figure 2, two volumes 38 and 49 are shown. One
volume 38 at systole and another volume 40 at diastole. In addition, there can exist
additional volumes between these two volumes (38,40) and their corresponding locations,
as illustrated by reference numeral 42.

In one embodiment, the derived parameter comprises a cardiac phase. In other
words, the imaging volume contains a cardiac source, the cardiac source having a number
of cardiac phases. For example, the cardiac source can comprise a fetal heart.

According to another embodiment, acquiring the plurality of 2D ultrasound images
comprises using a matrix transducer. The matrix transducer can be configured (i) for
electronically steering ultrasound beams to acquire 2D ultrasound images and (ii) for
sweeping the 2D imaging plane across the imaging volume. In addition, acquiring the
stationary ultrasound beam data can also comprise using the matrix transducer, wherein the
matrix transducer is further configured for (iii) interleaving the acquiring of the 2D
ultrasound images with stationary ultrasound beam data acquisition.

In one embodiment, the transducer with 3D electronic steering 16 is configured for
steering the stationary ultrasound beam 26 to occur within the imaging volume at a position
for obtaining an optimal signal. That is, the stationary ultrasound beam 26 can be steered,
and a positioning of the stationary ultrasound beam can be adjusted as may be necessary, to
an optimal or other suitable location within the imaging volume to improve derivation of
the parameter for the acquiring of the ultrasound data representative of the imaging volume
and the obtaining of the plurality of 2D ultrasound images 28. For example, a positioning
of the stationary ultrasound beam may be adjusted during an imaging volume acquisition
sequence to provide a desired tracking of a cardiac phase. Furthermore, acquiring of the
stationary ultrasound beam data can comprise, for example, an M-mode acquisition or a
Doppler mode acquisition. In another embodiment, acquiring the stationary ultrasound
beam data can comprise an acquisition tailored to a specific ultrasound imaging
application.

In another embodiment, acquiring the stationary ultrasound beam data comprises

acquiring the stationary ultrasound beam data concurrently with the acquiring of each of
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the plurality of 2D ultrasound images 28. Accordingly, analyzing the stationary ultrasound
beam data includes analyzing data from each respective stationary ultrasound beam data
acquisition to derive the parameter 34 for a corresponding 2D ultrasound image. In one
embodiment, analyzing further includes performing a spatial-temporal image correlation
(STIC) analysis of the stationary ultrasound beam data, with appropriate adaptation of the
STIC methods to the acquired data. The stationary ultrasound beam data can comprise, for
example, one or more of an M-mode data stream, a Doppler mode data stream, or other
data stream. In addition, a same stationary ultrasound beam 26 can be used concurrently for
all 2D imaging planes to enable a consistent derivation of the parameter for the plurality of
2D ultrasound images.

In another embodiment, a method of three-dimensional (3D) ultrasound imaging
comprises acquiring a plurality of two-dimensional (2D) ultrasound images as a 2D
imaging plane is swept across an imaging volume that contains a cardiac source, the
cardiac source having a number of cardiac phases, and wherein acquiring the plurality of
2D ultrasound images comprises using a transducer with 3D electronic steering configured
(i) for electronically steering ultrasound beams to acquire 2D ultrasound images and (ii) for
sweeping the 2D imaging plane across the imaging volume. The method further comprises
acquiring data from a stationary ultrasound beam concurrently with the acquiring of the
plurality of 2D ultrasound images, wherein acquiring the stationary ultrasound beam data
further comprises using the matrix transducer, wherein the transducer with 3D electronic
steering is further configured for (iii) interleaving the acquiring of the 2D ultrasound
images with stationary ultrasound beam data acquisition. In addition, the stationary
ultrasound beam data is analyzed to derive a cardiac phase from the stationary ultrasound
beam data. Furthermore, the 2D ultrasound images are rearranged for 3D processing as a
function of the derived cardiac phase.

In the embodiment of the preceding paragraph, the acquiring of the stationary
ultrasound beam data can comprise one or more of an M-mode acquisition, a Doppler
mode acquisition, or an acquisition tailored to a specific ultrasound imaging application. In
addition, in another embodiment, the analyzing includes performing a spatial-temporal
image correlation (STIC) analysis of the stationary ultrasound beam data. Still further, in
another embodiment a same stationary ultrasound beam is used concurrently for all 2D

imaging planes to enable a consistent derivation of the cardiac phase for the plurality of 2D
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ultrasound images. Furthermore, the stationary ultrasound beam is selectively positioned
for obtaining an optimal signal to improve derivation of the cardiac phase for the plurality
of 2D ultrasound images.

Figure 3 is a flow diagram view illustrating a method of 3D ultrasound imaging,
generally indicated by reference numeral 50, according to another embodiment of the
present disclosure. The method begins with step 52, wherein initial actions are taken by a
system operator in setting up the ultrasound imaging equipment in preparation for
acquiring a 3D ultrasound image of a desired imaging volume. At step 54, the method
includes acquiring a plurality of two-dimensional (2D) ultrasound images as a 2D imaging
plane is swept across an imaging volume. At step 56, concurrently with the acquiring of the
plurality of 2D ultrasound images, the method includes acquiring data from a stationary
ultrasound beam. At step 58, the stationary ultrasound beam data is analyzed to derive a
parameter from the stationary ultrasound beam data. In one embodiment, the parameter
includes a cardiac phase. At step 60, the method includes rearranging the 2D ultrasound
images for 3D processing as a function of the derived parameter. Additional processing, as
may be appropriate for a particular 3D ultrasound imaging application, continues and/or
occurs with step 62.

In addition to the above, the embodiments of the present disclosure also include
computer software or a computer program product. The computer program product
includes a computer readable media having a set of instructions executable by a computer
for carrying out the methods of 3D ultrasound imaging as described and discussed herein.
The computer readable media can include any suitable computer readable media for a
given ultrasound imaging system application. Still further, the computer readable media
may include a network communication media. Examples of network communication media
include, for example, an intranet, the Internet, or an extranet. In one embodiment, control
unit 12 can comprise a computer.

Although only a few exemplary embodiments have been described in detail above,
those skilled in the art will readily appreciate that many modifications are possible in the
exemplary embodiments without materially departing from the novel teachings and
advantages of the embodiments of the present disclosure. For example, the embodiments of
the present disclosure can be applied to 3D ultrasound imaging such as 3D fetal heart

ultrasound imaging. Accordingly, all such modifications are intended to be included within
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the scope of the embodiments of the present disclosure as defined in the following claims.
In the claims, means-plus-function clauses are intended to cover the structures described
herein as performing the recited function and not only structural equivalents, but also
equivalent structures.

In addition, any reference signs placed in parentheses in one or more claims shall
not be construed as limiting the claims. The word “comprising” and “comprises,” and the
like, does not exclude the presence of elements or steps other than those listed in any claim
or the specification as a whole. The singular reference of an element does not exclude the
plural references of such elements and vice-versa. One or more of the embodiments may be
implemented by means of hardware comprising several distinct elements, and/or by means
of a suitably programmed computer. In a device claim enumerating several means, several
of these means may be embodied by one and the same item of hardware. The mere fact that
certain measures are recited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to an advantage.
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CLAIMS:

1. A method of three-dimensional (3D) ultrasound imaging comprising;:

acquiring ultrasound data representative of an imaging volume as a function of
time, from which can be obtained a plurality of two dimensional (2D) ultrasound images;

acquiring data from a stationary ultrasound beam concurrently with the acquiring of
the ultrasound data representative of the imaging volume;

analyzing the stationary ultrasound beam data to derive a parameter from the
stationary ultrasound beam data; and

rearranging a plurality of 2D ultrasound images obtained from the acquired

ultrasound data for 3D processing as a function of the derived parameter.

2. The method of claim 1, wherein the derived parameter comprises a cardiac phase.

3. The method of claim 1, wherein the imaging volume contains a cardiac source, the

cardiac source having a number of cardiac phases.

4, The method of claim 3, further wherein the cardiac source comprises a fetal heart.

5. The method of claim 1, wherein acquiring ultrasound data comprises using a
transducer with 3D electronic steering configured (i) for electronically steering ultrasound
beams to acquire data representative of a 2D ultrasound image within a 2D imaging plane
of the imaging volume and (ii) for sweeping the 2D imaging plane across the imaging
volume, and

wherein acquiring the stationary ultrasound beam data further comprises using the
transducer with 3D electronic steering, wherein the transducer with 3D electronic steering
is further configured for (iii) interleaving the acquiring of the 2D ultrasound image data
with the stationary ultrasound beam data acquisition.

6. The method of claim 5, further wherein acquiring the stationary ultrasound beam

data comprises an M-mode or a Doppler mode acquisition.
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7. The method of claim 5, further wherein acquiring the stationary ultrasound beam

data comprises an acquisition tailored to a specific ultrasound imaging application.

8. The method of claim 1, wherein acquiring the stationary ultrasound beam data
comprises one or more of an M-mode acquisition, a Doppler mode acquisition, or an

acquisition tailored to a specific ultrasound imaging application.

9. The method of claim 1, wherein acquiring the stationary ultrasound beam data
comprises acquiring the stationary ultrasound beam data concurrently with the acquiring of
ultrasound data for each of the plurality of 2D ultrasound images, and wherein analyzing
the stationary ultrasound beam data comprises analyzing data from each respective
stationary ultrasound beam data acquisition to derive the parameter for a corresponding 2D

ultrasound image.

10.  The method of claim 9, wherein analyzing further includes performing a spatial-

temporal image correlation (STIC) analysis of the stationary ultrasound beam data.

11.  The method of claim 9, further wherein the stationary ultrasound beam data
comprises one or more of an M-mode data stream, a Doppler mode data stream, or other

data stream.

12.  The method of claim 9, wherein a same stationary ultrasound beam is used
concurrently for all 2D imaging planes of the plurality of 2D ultrasound images to enable a

consistent derivation of the parameter for the plurality of 2D ultrasound images.
13.  The method of claim 1, further comprising:
adjusting a positioning of the stationary ultrasound beam for obtaining an optimal

signal to improve derivation of the parameter for the plurality of 2D ultrasound images.

14.  The method of claim 1, wherein acquiring the ultrasound data comprises one or

more of (i) a consecutive acquisition order across the imaging volume, or (ii) a non-

12
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consecutive acquisition order across the imaging volume, or (iii) a prescribed acquisition

order across the imaging volume.

15. A three-dimensional (3D) ultrasound imaging apparatus comprising:

a control unit; and

an ultrasound transducer coupled to the control unit, wherein said control unit is
configured for (i) controlling the ultrasound transducer and (ii) performing 3D ultrasound

imaging according to the method of claim 1.

16. A computer program product comprising computer readable media having a set of
instructions executable by a computer, wherein the instructions are configured for carrying

out three-dimensional (3D) ultrasound imaging according to the method of claim 1.

17. A method of three-dimensional (3D) ultrasound imaging comprising:

acquiring a plurality of two-dimensional (2D) ultrasound images as a 2D imaging
plane is swept across an imaging volume that contains a cardiac source, the cardiac source
having a number of cardiac phases, and wherein acquiring the plurality of 2D ultrasound
images comprises using a transducer with 3D electronic steering configured (i) for
electronically steering ultrasound beams to acquire 2D ultrasound images and (ii) for
sweeping the 2D imaging plane across the imaging volume;

acquiring data from a stationary ultrasound beam concurrently with the acquiring of
the plurality of 2D ultrasound images, wherein acquiring the stationary ultrasound beam
data further comprises using the transducer with 3D electronic steering, wherein the
transducer with 3D electronic steering is further configured for (iii) interleaving the
acquiring of the 2D ultrasound images with stationary ultrasound beam data acquisition;

analyzing the stationary ultrasound beam data to derive a cardiac phase from the
stationary ultrasound beam data; and

rearranging the 2D ultrasound images for 3D processing as a function of the

derived cardiac phase.

13
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18.  The method of claim 17, wherein acquiring the stationary ultrasound beam data
comprises one or more of an M-mode acquisition, a Doppler mode acquisition, or an

acquisition tailored to a specific ultrasound imaging application.

19.  The method of claim 17, wherein analyzing includes performing a spatial-temporal

image correlation (STIC) analysis of the stationary ultrasound beam data.

20.  The method of claim 17, wherein a same stationary ultrasound beam is used
concurrently for all 2D imaging planes to enable a consistent derivation of the cardiac

phase for the plurality of 2D ultrasound images.
21.  The method of claim 17, further comprising:
adjusting a positioning of the stationary ultrasound beam for obtaining an optimal

signal to improve derivation of the cardiac phase for the plurality of 2D ultrasound images.

22.  The method of claim 1, wherein the acquired ultrasound data is rearranged as a

function of the derived parameter.

23.  Method of claim 22, wherein 3D surface images are obtained from the rearranged

ultrasound data.

24.  Method of claim 22, wherein one or more 2D images are obtained from the

rearranged data.

25.  Method of claim 22, wherein one or more other metrics, descriptors, or renderings

are obtained from the rearranged data.
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